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(54) POLYMER ELECTROLYTE FUEL CELL 

(57) A polymer electrolyte fuel cell comprising: a 
plurality of conductive separator plates, each compris- 
ing a corrugated metal plate; an electrolyte membrane- 
electrode assembly inserted between the separator 
plates, the electrolyte membrane-electrode assembly 
including a hydrogen-ion conductive polymer electrolyte 
membrane having its periphery covered with a gasket, 
an anode attached to one side of the electrolyte mem- 
brane, and a cathode attached to the other side of the 
electrolyte membrane; and gas charge and discharge 
means for charging and discharging a fuel gas and an 
oxidant gas to and from the anode and the cathode, re- 
spectively, wherein the gas charge and discharge 
means charges and discharges the fuel gas to and from 
the anode through the grooves on one side of the cor- 
rugated metal plate and charges and discharges the ox- 
idant gas to and from the cathode through the grooves 
on the other side of the corrugated metal plate. 
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Description 



Technical Field 



5 [0001] The present invention relates to a polymer electrolyte fuel cell used for portable power sources, electric vehicle 
power sources, domestic cogeneration systems or the like, particularly to an improvement of conductive separator 
plates used therein. 

Background Art 

10 

[0002] A fuel cell comprising a polymer electrolyte membrane generates electric power and heat simultaneously by 
electrochemically reacting a fuel gas containing hydrogen and an oxidant gas containing oxygen such as air. This fuel 
cell is basically composed of a polymer electrolyte membrane for selectively transporting hydrogen ions and a pair of 
electrodes formed on both surfaces of the polymer electrolyte membrane, i.e., an anode and a cathode. The electrode 
is usually comprises a catalyst layer which is composed mainly of carbon particles carrying a platinum group metal catalyst 
and is formed on the surface of the polymer electrolyte membrane and a diffusion layer which has both gas permeability 
and electronic conductivity and is formed on the outer surface of the catalyst layer. 

[0003] In order to prevent the fuel gas and oxidant gas supplied to the electrodes from leaking out or prevent these 
two kinds of gases from mixing together, gaskets are arranged on the periphery of the electrodes with the polymer 

20 electrolyte membrane therebetween. The gaskets are normally composed of a rubber or an elastomer having high 
chemical resistance such as EPDM rubber, silicone elastomer and fluoro-elasomer. The gaskets are combined inte- 
grally with the electrodes and polymer electrolyte membrane beforehand. This is called "ME A" (electrolyte membrane- 
electrode assembly). Disposed outside the ME A are conductive separator plates for mechanically securing the MEA 
and for connecting adjacent ME As electrically in series, or in some cases, in parallel. The separator plates have a gas 

25 flow channel for supplying a reaction gas to the electrode surface and for removing a generated gas and an excess 
gas at a portion to come in contact with the MEA. Although the gas flow channel may be provided separately from the 
separator plates, grooves are usually formed on the surfaces of the separator plates to serve as the gas flow channel. 
[0004] In order to supply the fuel gas and oxidant gas to such grooves, it is necessary to use piping jigs which branch 
respective supply pipes for fuel gas and oxidant gas, depending on the number of the separator plates to be used, and 

30 connect the branches directly to the grooves of the separator plates. This jig is called "manifold", and the above- 
described type, directly connecting the supply pipes for fuel gas and oxidant gas with the grooves, is called "external 
manifold". A manifold having a simpler structure is called "internal manifold". In the internal manifold, the separator 
plates with the gas flow channel formed thereon are provided with through holes which are connected to the inlet and 
outlet of the gas flow channel such that the fuel gas and oxidant gas are supplied directly from these holes. 

35 [0005] Since the fuel cell generates heat during operation, it needs cooling with cooling water or the like to keep the 
cell under good temperature conditions. Normally, a cooling section for flowing the cooling water therein is formed 
every one to three ceils. The cooling section is inserted between the separator plates in one structure and the cooling 
section is formed by providing the backsides of the separator plates with a cooling water flow channel in the other 
structure, and the latter is often employed. In a general structure of the fuel cell, the MEAs, separator plates and cooling 

40 sections are alternately stacked to form a stack of 1 0 to 200 cells, and the resultant stack is sandwiched by end plates 
with current collector plates and insulating plates and is clamped with clamping bolts from both sides. 
[0006] In such a polymer electrolyte fuel cell, the separator plates need to have a high conductivity, high gas tightness 
with respect to the fuel gas, and high corrosion resistance to oxidation/reduction reactions of hydrogen/oxygen. For 
such reasons, conventional separator plates have usually been formed from carbon materials such as glassy carbon 

45 and expanded graphite, and the gas flow channel has been formed by cutting the surface thereof or by molding in the 
case of expanded graphite. In recent years, however, an attempt is made to use a metal plate such as stainless steel 
in place of the conventionally used carbon materials. 

[0007] The conventional method of cutting the carbon plate has a difficulty in reducing not only the material cost of 
the carbon plate but also the cutting cost, while the method of using the expanded graphite is also costly with respect 
so to the material, which is considered to be a hindrance to practical use. 

[0008] The method using the metal plate proposes to produce a separator plate by press working in order to reduce 
the cost. However, it has a problem that the cost merit is consequently impaired by the limitation of the pattern of the 
gas flow channel worked on the separator plate and the necessity to use post-treatment for removing the distortion 
caused by the press and a special material having a high extensibility. 

55 

Disclosure of Invention 

[0009] An object of the present invention is to provide gas charge and discharge means suitable for mass-production 
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by basically using a corrugated metal plate as a conductive separator plate and combining it with a gasket such that 
grooves formed on both sides of the corrugated metal plate function as gas flow channels. 

[0010] The present invention provides a polymer electrolyte fuel cell comprising: a plurality of conductive separator 
plates, each comprising a corrugated metal plate having ridges and grooves that are alternately formed in parallel such 

5 that the ridges and grooves on one side correspond to the grooves and ridges on the other side, respectively; an 
electrolyte membrane-electrode assembly inserted between the separator plates, the electrolyte membrane-electrode 
assembly including a hydrogen-ion conductive polymer electrolyte membrane having its periphery covered with a gas- 
ket, an anode attached to one side of the electrolyte membrane, and a cathode attached to the other side of the 
electrolyte membrane; and gas charge and discharge means for charging and discharging a fuel gas and an oxidant 

10 gas to and from the anode and cathode, respectively, wherein the gas charge and discharge means charges and 
discharges the fuel gas to and from the anode through the grooves on one side of the corrugated metal plate and 
charges and discharges the oxidant gas to and from the cathode through the grooves on the other side of the corrugated 
metal plate. 

[001 1] In a preferred mode of the present invention, the gas charge and discharge means comprises: manifolds for 
15 gases; and gas guide grooves formed on the gasket of the electrolyte membrane-electrode assembly (hereinafter 
referred to as ME A) for connecting the manifolds with the grooves of the corrugated metal plate. 
[0012] In another preferred mode of the present invention, the gas charge and discharge means comprises: manifold 
apertures formed in common on the corrugated metal plate and the gasket of the MEA; and packings arranged on the 
corrugated metal plate, and the fuel gas and oxidant gas are charged and discharged through the manifold apertures 
20 and grooves of the corrugated metal plate to and from the anode and cathode, respectively. 

[0013] In still another preferred mode of the present invention, the conductive separator plate comprises the corru- 
gated metal plate and a second gasket covering its periphery, and the gas charge and discharge means comprises: 
manifold apertures formed in common on the gasket of the MEA and the second gasket; and gas guide grooves formed 
on the second gasket for connecting the manifold apertures with the grooves of the corrugated metal plate. 
25 [0014] The conductive separator plate including the second gasket has a sealing material that is to be filled into the 
bottom of the grooves of the corrugated metal plate such that the depth of the grooves of the corrugated metal plate 
is almost equal to the depth of the gas guide grooves for connecting the manifold apertures with the grooves of the 
corrugated metal plate. 

[0015] In still another preferred mode of the present Invention, two corrugated metal plates are inserted between 
30 adjacent MEAs in such a manner that the grooves of the two corrugated metal plates face each other and the ridges 
thereof face each other, and cooling water is passed through flow channels formed by the grooves of the two corrugated 
metal plates from openings at one end toward openings at the other end. 

[0016] In another mode of the present invention, both ends of the grooves of the corrugated metal plates forming 
the flow channels of cooling water are provided with a cooling water manifold aperture in common with other corrugated 
35 metal plates. 

Brief Description of Drawings 

[0017] FIG. 1 is a perspective view illustrating an example of a corrugated metal plate constituting a conductive 
40 separator plate in accordance with the present invention. 
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FIG. 


[0035] 


FIG. 



7 is a perspective view illustrating another example of the corrugated metal plate. 



9 is a front view illustrating still another example of the MEA. 

10 is a perspective view illustrating still another example of the corrugated metal plate. 
so [0027] FIG. 1 1 is a partially cross-sectional front view illustrating still another example of the corrugated metal plate. 

12 is a cross-sectional view of FIG. 11 cut by line 12-12. 

13 is a perspective view of a packing to be combined with the same corrugated metal plate. 

14 is a schematic view illustrating the flow of gases and cooling water. 

15 is a front view illustrating still another example of the MEA. 
55 [0032] FIG. 1 6 is a front view illustrating the anode side of another example of the conductive separator plate. 

1 7 is a front view illustrating the cathode side of the same separator plate. 

1 8 is a cross-sectional view of FIG. 1 7 cut by line 1 8-1 8. 

19 is a front view illustrating the anode side of still another example of the conductive separator plate. 
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[0036] 
[0037] 
[0038] 
[0039] 
[0040] 
plate. 



FIG. 20 is a view illustrating the backside of the same separator plate. 

FIG. 21 is a front view illustrating the cathode side of another example of the conductive separator plate. 

FIG. 22 is a view illustrating the backside of the same separator plate. 

FIG. 23 is a cross -sectional view illustrating another example of the cell stack. 

FIG. 24 is a cross-sectional view illustrating the vital part of still another example of the conductive separator 



Best Mode for Carrying Out the Invention 



10 [0041] As described above, the present invention forms gas charge and discharge means by using a corrugated 
metal plate as a conductive separator plate and combining it with a gasket of an ME A and/or a gasket of the separator 
plate itself such that grooves formed on both sides of the corrugated metal plate function as gas flow channels. 
[0042] In the first embodiment of the representative conductive separator plate in accordance with the present in- 
vention, the corrugated metal plate has almost the same size as the MEA, and the corrugated metal plates and ME As 

is are alternately stacked to form a cell stack. In the second embodiment, the corrugated metal plate is combined with a 
gasket covering its periphery to form a conductive separator plate having almost the same size as the MEA, and the 
conductive separator plates and ME As are alternately stacked to form a cell stack. 

[0043] in the first and second embodiments, a cooling section is inserted between the ME As as appropriate, in the 
first embodiment, two corrugated metal plates are combined in such a manner that their grooves face each other and 
20 are inserted between the ME As as the cooling section. Cooling water flow channels are formed by the opposing grooves 
of the corrugated metal plates. In the second embodiment, an anode-side conductive separator plate and a cathode- 
side conductive separator plate are inserted between the MEAs, so that cooling waterf low channels are formed between 
both conductive separator plates by the grooves of the corrugated metal plates. 

[0044] A preferable fuel cell according to the first embodiment comprises a plurality of conductive separator plates 
25 of corrugated metal plates and an MEA inserted between the separator plates. A gasket of the M EA has, on both sides, 
ribs that close both ends, in the longitudinal direction, of the grooves of the opposing corrugated metal plates. The 
gasket further has, at an inner side of the ribs, guide grooves formed on one side so as to open to a side face of the 
gasket for guiding a fuel gas into the grooves of the corrugated metal plate and guide grooves formed on the other 
side so as to open to a side face of the gasket for guiding an oxidant gas into the grooves of the corrugated metal 
30 plate. According to this structure, by combining the guide grooves with respective manifolds for fuel gas and oxidant 
gas, it is possible to form means for charging and discharging the fuel gas and oxidant gas to and from an anode and 
a cathode at opposing positions of the corrugated metal plate. 

[0045] In the above-mentioned fuel cell, the ribs closing the ends of the grooves of the corrugated metal plate may 
be integrally jointed to the corrugated metal plate by injection molding or the like instead of forming them on the gasket 

35 of the MEA. When the cooling section is provided between the MEAs, two corrugated metal plates are combined such 
that their grooves face each other and the grooves form flow channels through which cooling water is passed. 
[0046] In still another modified example, manifold apertures for fuel gas and oxidant gas are provided on the corru- 
gated metal plate instead of the gas guide grooves formed on the gasket of the MEA. These manifold apertures are 
formed in every other groove facing the MEA. The gas flowing into the groove having the manifold apertures is allowed 

40 to move into the groove having no manifold aperture by penetrating the groove that is formed on the other side between 
both grooves. At the penetrating portion, a packing having a notch is formed and holes through which the gas flows 
are formed in the corrugated metal plate, in order to prevent the gas from flowing into the groove formed on the other 
side. Such gas flow controlling means including a packing allows the oxidant gas and fuel gas to be distributed from 
the groove having the manifold apertures into the groove having no manifold aperture. 

45 [0047] In the second embodiment, the conductive separator plate is composed of the corrugated metal plate and 
the gasket attached to its periphery. In a representative example, the separator plate is provided with manifold apertures 
in the same manner as the separator plate made of a carbon plate by cutting work or the like. Further, the gasket 
portion is provided with guide grooves for connecting the manifold apertures with the grooves of the corrugated metal 
plate. 

so [0048] I n any embodiment, since the corrugated metal plate having a simple shape is used, effective mass production 
and significant cost reduction are possible. Also, since the thickness of the separator plate can be reduced, it is possible 
to make the fuel cell more compact. 

[0049] The material used for the corrugated metal plate in accordance with the present invention is preferably a thin 
plate with a thickness of about 0.05 to 0.3 mm, such as stainless steel and titanium, having good electric conductivity 
55 and capable of easy formation into a corrugated shape by press working or the like. The surface of the metal thin plate 
is preferably coated with a corrosion resistant conductive film. The conductive film is preferably composed of gold, 
platinum, conductive carbon paint, a conductive inorganic oxide, nitride, or carbide such as Ru0 2 , tin oxide doped with 
indium Sn(ln)0 2 , TiN, TiAIN and SiC, or the like. It is preferable to form the conductive film after the material of the 
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metal plate is press worked Into a corrugated shape. The conductive film is formed by vacuum deposition, electron 
beam, sputtering, high frequency glow discharge decomposition, etc. 

[0050] The material used for the gaskets of the MEA and conductive separator plate in accordance with the present 
invention is a thermoplastic resin or thermoplastic elastomer. Preferable material is selected from the group consisting 

5 of ethylene-propytene-diene terpolymer mixture (hereinafter referred to as EPDM), polyethylene, polypropylene, poly- 
butylene, polystyrene, poly vinyl chloride, poly vinylidene chloride, polyvinyl alcohol, polyacrylamide, polyamide, poly- 
carbonate, polyacetal, polyurethane, silicone, polybutylene terephthalate, polyethylene terephthalate, polyethylene 
naphthalate, syndiotactic polystylene, polyphenylene sulfide, polyether ether ketone, polyether ketone, liquid crystal 
polymer, fluorocarbon resin, polyether nitrile, modified polyphenylene ether, polysulfone, polyethersuffone, polyarylate, 

10 polyamide-imide, polyetherimide and thermoplastic polyimide. 

[0051] In the following, embodiments of the present invention will be described in detail with reference to drawings. 
Since the drawings are used for facilitating understanding, relative size and location of each element are not necessarily 
accurate. 

15 Embodiment 1 

[0052] FIG. 1 illustrates a corrugated metal plate 1 0 produced by press working a metal plate such as stainless steel. 
In this embodiment, the corrugated metal plate is used as a conductive separator plate as it is. The corrugated metal 
plate 10 has, on one side, alternating grooves 11 and ridges and has, on the other side, ridges and grooves 12 corre- 

20 sponding to the grooves 11 and the ridges. 

[0053] FIG. 2 and FIG. 3 illustrate an MEA 20, which is alternately stacked with the conductive separator plate of 
the corrugated metal plate to form a cell stack. As shown in FIG. 3, the MEA 20 comprises a polymer electrolyte 
membrane 2, a gasket 30 that unitarily covers the periphery of the membrane 2 and is composed of a thermoplastic 
resin or thermoplastic elastomer, and a cathode 3 and an anode 4 attached to exposed surfaces of the membrane 2. 

25 The cathode and anode are composed of a catalyst layer on the electrolyte membrane side and a gas diffusion layer. 
The electrolyte membrane 2 becomes self-supporting when combined with the gasket 30 and is thus easy to handle. 
[0054] The MEA 20 as shown here is a rectangle having the same size as that of the metal plate 10, and has, on 
both ends in the longitudinal direction, an element for constituting gas charge and discharge means in cooperation 
with the metal plate 10. Specifically, the gasket 30 has an oxidant gas guide groove 33 that is formed on a cathode- 

30 side so as to open to a side face and a fuel gas guide groove 34 that is formed on an anode-side. The gasket 30 further 
has ribs 32 that are formed at an end part of the cathode-side which is outer of the groove 33 so as to fit into the 
grooves of the metal plate 10 and similar ribs that are formed at an end part of the anode-side which is outer of the 
groove 34 so as to fit into the grooves of the metal plate. 

[0055] Although FIG. 2 illustrates one end of the MEA 20 in the longitudinal direction, the other end is also provided 

35 with a similar gas guide groove and ribs. Please refer to FIG. 9 for this. 

[0056] FIG. 4 illustrates a cell stack. In this example, a cooling section is formed every two cells. The cooling section 
is composed of two corrugated metal plates that are combined such that their grooves face each other. Cavities 35 
formed by the grooves serve as cooling water flow channels. In FIG. 4, cooling water is introduced from above the cell 
stack into the flow channels 35 and is discharged from below. 

40 [0057] The cell stack is formed by stacking the metal plates 1 0 and MEAs 20 alternately such that the ribs 32 of the 
ME As fit into the grooves 11 or 12 of the metal plates 10. Thus, between the MEA 20 and the metal plate 10 stacked 
on the cathode-side thereof, flow channels for oxidant gas are formed by the grooves 11 of the metal plate 10. The 
flow channels are closed by the ribs 32 in the upper part of FIG. 4 and are closed by similar ribs in the lower part. 
Herein, the groove 33 formed so as to open to the side face of the MEA 20 communicates with the grooves 1 1 forming 

<5 the flow channels for oxidant gas. Thus, by combining oxidant gas manifolds to the side faces of the cell stack, the 
oxidant gas is introduced into the grooves 11 of the metal plate from the guide groove 33 of the gasket 30 and is 
discharged to the manifold from the other guide groove of the gasket 30, as shown by arrows A of FIG. 4. 
[0058] Meanwhile, the fuel gas is introduced into the grooves 1 2 of the metal plate 1 0 from a manifold combined to 
the side face of the cell stack via the guide groove 34 of the gasket 30 and is discharged to another manifold from the 

50 guide groove of the gasket 30, as shown by arrows B of FIG. 4. 

[0059] In this way, the oxidant gas and fuel gas are diffused throughout the electrodes in the grooves 11 and 12 of 
the corrugated metal plate, respectively, to participate in reactions. Then, excessive gases and products are discharged 
from the same grooves to the manifold on the outlet-side. 

[0060] As shown in FIG. 5, the corrugated metal plates sandwiching the MEA may be preferably placed such that 
55 the grooves 1 1 and 12 face each other. This prevents an excessive shearing force from applying to the electrode portion. 
[0061] FIG. 6 illustrates a fuel cell comprising the above-described cell stack. Numeral 40 represents the cell stack, 
and the gas inlet side and the outlet side in FIG. 4 are positioned at the upper part and the lower part in FIG. 6. The 
cell stack 40 is joined to a current collector plate 41 , an insulating plate 42 and an end plate 43 at each end of the 
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'stacking direction; at upper and lower parts, the cell stack 40 is combined to a manifold 46 with a sealing material 47 
composed of, for example, a silicone resin, interposed therebetween. Further, the end plates are clamped by rods 44, 
thereby to form a fuel ceil. Numeral 45 represents a spring. 

[0062] The guide grooves 33 and 34 of the gasket 30 of the MEA 20 as shown in FIG. 2 may be provided with a 
5 porous material having gas permeability such as carbon paper. In FIG. 2, two parallel ribs 33' and 34' are formed in 
the grooves 33 and 34 for preventing the gasket from deforming into the grooves 1 1 or 1 2 of the metal plate 1 0 to avoid 
inhibition of gas circulation. When the porous material is arranged in the guide grooves 33 and 34, the above-described 
ribs may be omitted. Instead of the porous material, the corrugated metal plate may be arranged as a spacer. As for 
the porous material and the spacer of the corrugated metal plate, their surfaces are preferably subjected to a treatment 
10 to make them hydrophilic. This hydrophilicity treatment is conducted in order to prevent condensation of humidifying 
water contained in the gas being supplied to the electrode, generated water released from the electrode or the like on 
the porous material or spacer and thereby prevent the blockage of the flow channel. 



[0063] In Embodiment 1 , in order to prevent the leakage of the gas between the edge of the metal plate 1 0 and the 
MEA, the ribs 31 and 32 or the like were formed on the gasket 30 of the MEA. In Embodiment 2, the function of these 
ribs is moved from the gasket 30 to the metal plate 1 0 side. 

[0064] In this embodiment, instead of the ribs 31 and 32 of the gasket 30, packings 31a and 32a composed of the 
20 same material as the gasket are integrally attached to the corrugated metal plate 10 by injection molding or the like, 
as shown in FIG. 7. An MEA 20a, which is to be combined with the conductive separator plate composed of such metal 
plate, is in the form of flat plate, as shown in FIG. 8. It further has gas guide grooves 33a and 34a. 



[0065] FIG. 9 illustrates an MEA 20b. This MEA is different from the MEA as shown in FIG. 2 in that manifolds are 
formed, and except this, it has the same structure. Specifically, a gasket 30b has a pair of grooves 33b for guiding the 
oxidant gas with the cathode of the electrode portion 1 therebetween and ribs 32b for closing the ends of the grooves 
1 1 of the metal plate 1 0. Similarly, it has, on the anode-side, a pair of grooves for guiding the fuel gas (which corresponds 
30 to the groove 34 as shown in FIG. 2) and ribs for closing the ends of the grooves 1 2 of the metal plate 10. 

[0066] The gasket 30b has oxidant gas manifolds 37 and fuel gas manifolds 38 formed on a side face of the grooves 
33b for guiding the oxidant gas and the grooves for guiding the fuel gas, and further has cooling water manifolds 39 
at both ends. The gasket 30b further has a rib 31b at its periphery. 

[0067] In a cell stack comprising such MEAs, the oxidant gas supplied from one of the pair of manifolds 37 and one 
35 of the grooves 33b passes through the gas flow channels formed in the grooves 1 1 of the metal plate 1 0 and diffuses 
throughout the cathode, and an excessive gas and reaction products are discharged from the other groove 33b and 
the other manifold 37. 

[0068] Similarly, the fuel gas is supplied from one of the pair of manifolds 38 to the anode and is discharged from 
the other. Also, cooling water enters from one of the manifolds 39 into water flow channels 35 formed between the pair 
40 of metal plates and is discharged from the other manifold. 



[0069] In this embodiment, the corrugated metal plate 10 is provided with cooling water manifold apertures 39a as 
45 shown in FIG. 10. Although not shown in the figure, the manifold apertures are also formed at the other end of the 
metal plate. Further, at an outer side of the manifold apertures 39, packings are arranged for closing the end of the 
water flow channels formed by the pair of metal plates. 

[0070] The above-mentioned manifold apertures are formed so as to penetrate a gasket portion of the MEA, or a 
portion of the ribs 32 for closing the end of the gas flow channels if the MEA 20 of FIG. 2 is taken as an example for 
50 explanation. 

[0071] In the structure of Embodiment 1 , water is supplied to the flow channels having openings at both ends from 
one end of the flow channels and is discharged from the other end. In this embodiment, water is supplied from one of 
the pair of manifold apertures 39 to the respective flow channels 35 and is discharged from the manifold apertures at 
the other end. Cooling water passing through the manifold apertures is prevented from entering the flow channels of 
55 the oxidant gas and fuel gas by the ribs 32. 



Embodiment 2 



15 



Embodiment 3 



25 



Embodiment 4 
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Embodiment 5 

[0072] In this embodiment, gas and cooling water flow channels are adjusted by the corrugated metal plate and 
packings combined therewith. 

5 [0073] FIG. 11 is a front view of the corrugated metal plate 1 0 from the anode-side thereof. The corrugated metal 
plate 10 has a pair of cooling water manifold apertures 15 formed on the front side of FIG. 11, i.e., on the ridge that is 
in contact with the anode; the pair of manifold apertures 15 is formed at a portion close to the electrode portion 1 of 
the MEA with the electrode portion situated therebetween. In the bottom of the grooves 12 that are open to the front 
side of FIG. 11, fuel gas manifold apertures 14 and oxidant gas manifold apertures 13 are alternately formed. The 

10 manifold aperture 14 is positioned at the ends of the corrugated metal plate 1 0 and the manifold aperture 1 3 is positioned 
midway between the manifold apertures 14 and 15. In the groove 1 2, since packings 27 and 29 are arranged on both 
sides of the manifold aperture 13, the oxidant gas flowing in the manifold aperture 13 does not flow into the groove 12. 
[0074] Meanwhile, in the groove 12 having the fuel gas manifold apertures 14, since a packing 28 is arranged only 
at an outer portion of the manifold aperture 14, the fuel gas flowing in the supply-side manifold aperture 14 flows into 

15 the groove 1 2 and is discharged from the other manifold aperture 1 4. Further, the gas flowing into the groove 1 2 passes 
through a notch 26a that is in the center of a packing 26 arranged in an adjacent groove 11 and holes 18 formed in 
the metal plate so as to communicate with the notch and flows into the next groove 12 across the groove 11 . The gas 
flow passes through a portion having another packing 26, returns to the original groove 12 across the groove 11 , and 
is discharged from the other manifold aperture 14. The gas flow is shown by arrows in FIG. 11 . 

20 [0075] As described above, the fuel gas manifold apertures 1 4 are formed in the bottom of every other anode-facing 
groove 12 of the corrugated metal plate 10, and by using the holes 18 of the groove 11 formed between the grooves 
12 so as to open to the other side and the packings 26, the fuel gas can be distributed into the groove 12 having no 
manifold aperture to be supplied for reaction. 

[0076] The pair of manifold apertures 1 5 is for circulation of cooling water; water is supplied and discharged there- 
25 through to and from a flow channel which is formed by the grooves 1 1 between the corrugated metal plate 1 0 as shown 
in the figure and the metal plate combined in such a manner that the grooves 11 face each other. Although not shown 
in the figure, a packing is arranged at an outer side of the apertures 15 of the groove 11 in order to prevent leakage of 
water. 

[0077] The corrugated metal plate to be laminated to the surface of the corrugated metal plate 1 0 of FIG. 1 1 with the 
30 MEA interposed therebetween has the grooves 1 1 which form the gas flow channels for supplying the oxidant gas to 
the MEA. Also, by forming what are equivalent to the packings 26 and the holes 18, which have been descried above 
with respect to the fuel gas, on the groove 1 2 side, the oxidant gas supplied to one groove 1 1 can be distributed to an 
adjacent groove 11 across the groove 12 by penetrating a portion of the groove 12. 

[0078] In FIG. 14, the flows of the oxidant gas, fuel gas and cooling water are represented by arrows A, B and C, 
35 respectively. 

Embodiment 6 

[0079] This embodiment uses conductive separator plates each consisting of a corrugated metal plate 50 and a 
40 gasket attached to its periphery. The corrugated metal plate 50 used here has the same structure as the corrugated 
metal plate 1 0 used in Embodiment 1 , but is different in that it has almost the same size as the electrode portion of the 
MEA. 

[0080] FIG. 15 illustrates an MEA which is seen from the anode-side. The MEA 60 is composed of a polymer elec- 
trolyte membrane, a gasket 70 supporting its periphery, and an anode and a cathode attached to exposed surfaces of 

45 the electrolyte membrane in the same manner as in Embodiment 1 . The gasket 70 has an oxidant gas manifold aperture 
73 on both ends in the longitudinal direction of the MEA, one on the inlet-side and the other on the outlet-side. The 
gasket 70 further has three fuel gas manifold apertures 74 and three cooling water manifold apertures 75 on both ends. 
[0081] FIG. 16 and FIG. 17 illustrate a conductive separator plate 80 that comes in contact with the anode on one 
side and comes in contact with the cathode on the other side. The separator plate 80 is composed of the corrugated 

so metal plate 50 and a gasket 81 attached to its periphery, and the gasket 81 has oxidant gas manifold apertures 83, 
fuel gas manifold apertures 84 and cooling water manifold apertures 85, which are in common with the MEA 60. 
[0082] The separator plate 80 has fuel gas flow channels formed by grooves 54 of the metal plate 50 and guide 
grooves 88 for connecting the ends of the flow channels with the manifold apertures 84 on the anode-side. Similarly, 
the separator plate 80 has oxidant gas flow channels formed by grooves 53 of the metal plate 50 and guide grooves 

55 87 for connecting the ends of the flow channels with the manifold apertures 83 on the cathode-side. 

[0083] FIG. 1 8 is a cross-sectional view of the separator plate 80 cut by line 1 8-1 8 of FIG. 1 7. It clearly shows that 
the oxidant gas supplied from the manifold aperture 83 is guided by the guide groove 87 into the groove 53 of the 
corrugated metal plate 50. It is noted that two thirds of the depth of the groove 53 forming the gas flow channel of the 
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metal plate 50 is filled with a sealing material 57 integral with the gasket 81 such that the gas flow channel 53 of the 
metal plate and the gas guide groove 87 of the gasket 81 have the same depth and thus communicate with each other 
steplessly. This facilitates the supply and discharge of the gas and prevents water vapor for humidification and reaction 
products from building up, so that cell performance will not be impaired by flooding. 
5 [0084] As shown in FIG. 23, two thirds of the depth of the groove 54 of the corrugated metal plate 50 forming a fuel 
gas flow channel is similarly filled with a sealing material 58 such that the gas flow channel 54 communicates with the 
gas guide groove 88 of the gasket 81 steplessly. 

[0085] FIG. 24 is a cross-sectional view of a conductive separator plate in another example cut by what is equivalent 
to line 18-1 8 of FIG. 17. In this example, the groove of the corrugated metal plate is not filled with a sealing material. 
10 Thus, there is a step between the guide groove of the gasket and the groove of the corrugated metal plate. 
[0086] Next, separator plates constituting the cooling section will be described. 

[0087] FIG. 1 9 is a front view of an anode-side separator plate and FIG. 20 is a backside view thereof. The separator 
plate 80a is the same as the separator plate 80 in that a gasket 81 a has the respective manifold apertures for oxidant 
gas, fuel gas and cooling water and has, on the anode-side, the guide grooves 88 for connecting the manifold apertures 

15 84 with the gas flow grooves of the metal plate 50. The difference is that it has, on the backside, guide grooves 89 for 
connecting the manifold apertures 85 with the cooling water flow channels of the metal plate 50. 
[0088] FIG. 21 and FIG. 22 illustrate a cathode-side separator plate 80b, which is combined with the separator plate 
80a to form the cooling section. It is the same as the separator plate 81 in that it has manifold apertures for oxidant 
gas, fuel gas and cooling water and has, on the cathode-side, guide grooves 87 for connecting the manifold apertures 

20 83 with the gas flow channels of the metal plate; it has, on the backside, guide grooves 89 for connecting the manifold 
apertures 85 with water flow channels of the metal plate in the same manner as in the separator plate 80a. Both the 
anode-side separator plate 80a and the cathode-side separator plate 80b are configured such that the depth of the 
water guide grooves 89 formed on the opposing surfaces is the same as the depth of the water flow channels of the 
corrugated metal plate. This is clearly shown in FIG. 23. 

25 [0089] The guide grooves 87, 88 and 89 as described above may be provided with such a porous material or a spacer 
of the corrugated metal plate as described in Embodiment 1 , thereby preventing the deformation of the gasket into 
these grooves due to the clamping pressure of the cell to avoid inhibition of gas or cooling water circulation. 

Example 1 

30 

[0090] A catalyst powder was prepared by making acetylene black carry platinum particles having an average particle 
size of about 30 A in a weight ratio of 3: 1 . A dispersion of this catalyst powder in isopropanol was mixed with a dispersion 
of perfluorocarbon sulfonic acid powder represented by the following formula (wherein m=1, n=2, 5^x^13.5, and 
y=1 000) in ethyl alcohol, to prepare a paste. This paste was printed on one side of a 250 urn thick carbon fiber nonwoven 
35 fabric by screen printing to form a catalyst layer. The amount of the paste applied was adjusted so that the amount of 
platinum contained in the electrode became 0.5 mg/cm 2 and the amount of perfluorocarbon sulfonic acid became 1 .2 
mg/cm 2 . 
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25 [0091] A cathode and an anode having the same structure thus obtained were attached, by hot pressing, to both 
sides of the center part of a hydrogen-ion conductive polymer electrolyte membrane having an area slightly larger than 
that of the electrode in such a manner that the catalyst layer was in contact with the electrolyte membrane; this gave 
an electrolyte membrane-electrode assembly (MEA). The hydrogen-ion conductive polymer electrolyte membrane 
used in this example was a 25 |im thick thin film of perfluorocarbon sulfonic acid represented by the above-mentioned 

30 formula (wherein m=2, n=2, 5^x^13.5, and yMOOO). 

[0092] As the conductive separator plate, a stainless steel SUS304 plate having a thickness of 0.1 mm was press 
worked into a corrugated plate having grooves of about 1 .5 mm in depth and about 1 .5 mm in width at a pitch of 3 mm. 
The surface of the corrugated metal plate was applied with a gold layer having a thickness of 0.01 jim by vacuum 
electron beam deposition. Deposition was conducted under an Ar gas atmosphere having a vacuum of 5x 1 0" 6 Torr at 

35 a metal plate temperature of 200 °C. 

[0093] The MEA has a gasket of EPDM at the periphery of the polymer electrolyte membrane. The gasket was 
bonded to the electrolyte membrane at a moulding temperature of 1 70 °C before the electrodes were attached thereto. 
This produced the MEA having the gasket integral therewith and a structure as shown in FIG. 2. 
[0094] The conductive separator plates and ME As produced in the above manner were alternately stacked, wherein 

40 two corrugated metal plates, combined in such a manner that their grooves faced each other, were inserted between 
the MEAs every two cells. This produced a cell stack of 50 cells having a structure as shown in FIGs. 4 to 6. The 
clamping pressure of the cell stack was 20 kgf/cm 2 . 

[0095] White the resultant fuel cell was held at 85 °C, a hydrogen gas humidified and heated to have a dew point of 
83 °C was supplied to the anode-side and air humidified and heated to have a dew point of 78 °C was supplied to the 
45 cathode-side. This resulted in a cell open-circuit voltage of 50 V at the time of no load when no current was output to 
outside. This cell was subjected to a power generation test under the conditions of a fuel utilization rate of 80%, oxygen 
utilization rate of 40% and current density of 0.5A/cm 2 ; as a result, it was confirmed that the cell output of 990 W(22V- 
45A) was maintained. 

[0096] In this example, the guide grooves 33 and 34 were composed of a plurality of parallel grooves. When these 
50 grooves were provided with carbon paper subjected to hydrophilicity treatment, similar effects could be obtained. The 
hydrophilicity treatment of the carbon paper was conducted by ultraviolet radiation with a very high pressure mercury 
lamp having a wavelength of 365 nm at an intensity of 1 00 mW/cm 2 for five minutes. 



Example 2 

[0097] An MEA as shown in FIG. 15 was prepared using the same electrodes, electrolyte membrane and gasket 
material as those of Example 1 . Meanwhile, as for the conductive separator plate, a gasket composed of silicone rubber 
was formed on the periphery of a corrugated metal plate similar to that of Example 1 . Three kinds of conductive sep- 
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arator plates as described in Embodiment 6 were produced and combined with the above-described ME As to form a 
fuel cell comprising a stack of 50 cells. The cooling section was inserted every two cells. The gasket portion of the 
conductive separator plate was provided with projections having a height of 0.1 mm at its outer periphery and the 
periphery of the manifold apertures in order to securely seal the conductive separator plate and the MEA when the cell 
5 stack was formed. The depth of the grooves of the separator plate, serving as the gas flow channels, and the depth 
of the guide grooves of the gasket portion were 0.5 mm. 

[0098] The resultant fuel cell was operated under the same conditions as those of Example 1 and was found to have 
almost the same performance as that of Example 1 . 

10 Industrial Applicability 

[0099] According to the present invention, instead of the conventional cutting procedure of carbon plates, separator 
plates can be produced without cutting metallic materials such as stainless steel, so that effective mass production 
and significant cost reduction are possible. Also, since the separator plates can be made thinner, the fuel cell can be 
15 made more compact. 



Claims 



20 1 . A polymer electrolyte fuel cell comprising: a plurality of conductive separator plates, each comprising a corrugated 
metal plate having ridges and grooves that are alternately formed in parallel such that the ridges and grooves on 
one side correspond to the grooves and ridges on the other side, respectively; an electrolyte membrane-electrode 
assembly inserted between said separator plates, said electrolyte membrane-electrode assembly comprising a 
hydrogen-ion conductive polymer electrolyte membrane having its periphery covered with a gasket, an anode 

25 attached to one side of said electrolyte membrane, and a cathode attached to the other side of said electrolyte 

membrane; and gas charge and discharge means for charging and discharging a fuel gas and an oxidant gas to 
and from said anode and cathode, respectively, 

wherein said gas charge and discharge means charges and discharges the fuel gas to and from the anode 
through the grooves on one side of said corrugated metal plate and charges and discharges the oxidant gas to 

30 and from the cathode through the grooves on the other side of said corrugated metal plate. 

2. The polymer electrolyte fuel cell in accordance with claim 1 , wherein said gas charge and discharge means com- 
prises: respective manifolds for fuel gas and oxidant gas; and gas guide grooves formed on the gasket of said 
electrolyte membrane-electrode assembly for connecting said respective manifolds with the grooves of said cor- 

35 rugated metal plate. 

3. The polymer electrolyte fuel cell in accordance with claim 1 , wherein said gas charge and discharge means com- 
prises: respective manifold apertures for fuel gas and oxidant gas formed in common on said corrugated metal 
plate and the gasket of said electrolyte membrane-electrode assembly; and packings arranged on said corrugated 

40 metal plate, and 

the fuel gas and oxidant gas are charged and discharged through said respective manifold apertures and 
respective grooves of said corrugated metal plate to and from the anode and cathode, respectively. 

4. The polymer electrolyte fuel cell in accordance with claim 1 , wherein said conductive separator plate comprises 
45 said corrugated metal plate and a second gasket covering its periphery, 

said gas charge and discharge means comprises: respective manifold apertures for fuel gas and oxidant 
gas formed in common on the gasket of said electrolyte membrane-electrode assembly and the second gasket; 
and gas guide grooves formed on said second gasket for connecting said respective manifold apertures with the 
respective grooves of said corrugated metal plate, and 
so the fuel gas and oxidant gas are charged and discharged through said respective manifold apertures, re- 

spective gas guide grooves and respective grooves of said corrugated metal plate to and from the anode and 
cathode, respectively. 

5. The polymer electrolyte fuel ceil in accordance with claim 4, wherein the conductive separator plate including said 
55 second gasket has a sealing material that is to be filled into the bottom of the grooves of said corrugated metal 

plate such that the depth of the grooves of said corrugated metal plate is almost equal to the depth of the gas 
guide grooves for connecting said manifold apertures with the grooves of the corrugated metal plate. 
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6. The polymer electrolyte fuel cell in accordance with claim 2, wherein two corrugated metal plates are inserted 
between adjacent electrolyte membrane-electrode assemblies in such a manner that the grooves of the two cor- 
rugated metal plates face each other and the ridges thereof face each other, and cooling water is passed through 
flow channels formed by the grooves of the two corrugated metal plates from openings at one end toward openings 

s at the other end. 

7. The polymer electrolyte fuel cell in accordance with claim 6, wherein both ends of the grooves of said corrugated 
metal plates forming said flow channels of cooling water are provided with a cooling water manifold aperture in 
common with other corrugated metal plates, and cooling water is charged and discharged from and to said manifold 

10 aperture to and from said flow channel of cooling water. 

8. The polymer electrolyte fuel cell in accordance with claim 2 or 4, wherein said gas guide grooves are provided 
with a porous material or a corrugated spacer. 

15 9. A polymer electrolyte fuel cell comprising: a plurality of conductive separator plates, each comprising a corrugated 
metal plate having ridges and grooves that are alternately formed in parallel such that the ridges and grooves on 
one side correspond to the grooves and ridges on the other side, respectively; an electrolyte membrane-electrode 
assembly inserted between said separator plates, said electrolyte membrane-electrode assembly including a hy- 
drogen-ion conductive polymer electrolyte membrane having its periphery covered with a gasket, an anode at- 

20 tached to one side of said electrolyte membrane, and a cathode attached to the other side of said electrolyte 

membrane; and gas charge and discharge means for charging and discharging a fuel gas and an oxidant gas to 
and from said anode and cathode, respectively, 

wherein said gasket has, on both sides, ribs that close both ends, in the longitudinal direction, of the grooves 
of said corrugated metal plates which said gasket faces, and 

25 said gas charge and discharge means comprises, at an inner side of said ribs of said gasket, fuel gas guide 

grooves that are formed on one side of the gasket so as to open to a side face of the gasket and communicate 
with the grooves of said metal plate and oxidant gas guide grooves that are formed on the other side of the gasket 
so as to open to a side face of the gasket and communicate with the grooves of said metal plate. 

30 10. A polymer electrolyte fuel cell comprising: a plurality of conductive separator plates, each comprising a corrugated 
metal plate having ridges and grooves that are alternately formed in parallel such that the ridges and grooves on 
one side correspond to the grooves and ridges on the other side, respectively; an electrolyte membrane-electrode 
assembly inserted between said separator plates, said electrolyte membrane-electrode assembly including a hy- 
drogen-ion conductive polymer electrolyte membrane having its periphery covered with a gasket, an anode at- 

35 tached to one side of said electrolyte membrane, and a cathode attached to the other side of said electrolyte 

membrane; and gas charge and discharge means for charging and discharging a fuel gas and an oxidant gas to 
and from said anode and cathode, respectively, 

wherein said gas charge and discharge means comprises: manifold apertures formed in every other groove 
of said corrugated metal plate facing the electrolyte membrane-electrode assembly; and gas flow controlling means 

^o including packings that allow the gas flowing into the groove having said manifold apertures to move into the groove 

having no manifold aperture across the groove that is formed on the other side between both grooves. 

11. A polymer electrolyte fuel cell comprising: a plurality of conductive separator plates; an electrolyte membrane- 
electrode assembly inserted between said separator plates, said electrolyte membrane-electrode assembly in- 
45 eluding a hydrogen-ion conductive polymer electrolyte membrane having its periphery covered with a first gasket, 

an anode attached to one side of said electrolyte membrane, and a cathode attached to the other side of said 
electrolyte membrane; and gas charge and discharge means for charging and discharging a fuel gas and an oxidant 
gas to and from said anode and cathode, respectively, 

wherein said conductive separator plate comprises: a corrugated metal plate having ridges and grooves that 
50 are alternately formed in parallel such that the ridges and grooves on one side correspond to the grooves and 

ridges on the other side, respectively; and a second gasket attached to its periphery, 

the first and second gaskets have common respective manifold apertures for fuel gas and oxidant gas, and 
the second gasket has: guide grooves formed on an anode-facing side for connecting said manifold apertures 
for fuel gas with the grooves of said corrugated metal plate; and guide grooves formed on a cathode-facing side 
55 for connecting said manifold apertures for oxidant gas with the grooves of said corrugated metal plate. 



11 




12 




13 




14 




15 




16 




17 




18 




19 




20 




21 



EP 1 255 315 A1 




22 




23 




24 




25 



EP1 255 315 A1 





27 




28 




29 




30 




31 



EP 1 255 315 A1 




1 

o 



EP1 255 315 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/00904 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01M8/02, H01M8/10 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01M8/02, H01M8/10 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shiran Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shinan Toroku Koho 1996-2001 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI/L 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



X 
Y 
A 



JP, 11-354142, A (Toshiba Corporation), 
24 December, 1999 (24.12.99), 

Claims; Par. Nos. [0115] to [0149]; Figs. 1 to 4 
(Family: none) 

JP, 9-298064, A (Fuji Electric Co., Ltd.), 
18 November, 1997 (18.11.97), 

Claims? Par. Nos. [0021], [0022] ; Fig. 2 (Family: none) 

JP, 11-185777, A (Fuji Electric Co., Ltd.), 
09 July, 1999 (09.07.99), 

Claims; Par. Nos. [0024], [0025]; Fig. 1 (Family: none) 

JP, 10-199554, A (Toho Gas Co., Ltd.), 

31 July, 1998 (31.07.98), 

Claims; Figs. 1 to 3 (Family: none) 

JP, 8-180883, A (Fuji Electric Co., Ltd.), 
12 July, 1996 (12.07.96), 
Claims; Fig. 14 (Family: none) 



1,2,4,7,11 
3,5,6,8 
9,10 



(3 Further documents are listed in the continuation of Box C. Q See patent family annex. 



T later document published after the international filing date or 
priority date and not in conflict with (he application but cited to 
understand the principle or theory underlying the invention 

*7C document of particular relevance; tho claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document Is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

*&* document member of the sa 



i of cited d 

document defining the general state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 



*L n document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

O" document referring to an oral disclosure, use, exhibition or other 



document published prior to the international filing date but later 
than the priority date claimed 



Date of the actual completion of the international search 
08 May, 2001 (08.05.01) 



Date of mailing of the international search report 
15 May, 2001 (15.05.01) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/1S A/210 (second sheet) (July 1992) 



33 



EP1 255 315 A1 



INTERNATIONAL SEARCH REPORT 



International application No. ^ 
PCT/JP01/ 00904 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 10-308227, A (Fuji Electric Co. 
17 November, 1998 (17.11.98), 
Claims; Fig. 5 (Family: none) 



Ltd.), 



JP, 1-93061, A (Hitachi, Ltd.), 
12 April, 1989 (12.04.89), 

Claims; page 2 f lower right column, lines 8 to 17; 
Fig. 3 (Family: none) 



Form PCTASA/210 (continuation of second sheet) (July 1992) 



34 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
OTHER: ^?H^uS^ fe^l 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




